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«^Ol5tg^-7- 1:: ;^ ^ ni Sr«*&-r 5 ^ 



5 JilElSI^(^ffe^[HlSS/j^ lb (^ilSlS^T^'- 4r =^ ^ V 

*-r >5§f 3 isffitoT^- ^ wmmWo 
[ft*^ 6 ] ±ts^@^tt^ -^e y (i§4i^m^*7« ^ y -efo 

If 5 K«CD 7=^- ^ ^assSo 
^y (C[E]«i-^7<^y T^-iJ'ifiiSlHimiHlK^^ ibd* 



( 3 ) 



4^^110 ¥10-078836 



1Sifc<DtElS^^tc;^ ^ a 5/ iJ' n 5/ 

Lfc^. ^^^ix/cT^;^ h>'^i5^^>{-W't" 
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[0 0 0 U 

[0 0 0 2] 

^ o i&m CD 7t i6 CI V ^ ^ V > ^ ;tfr X^/j^tS * ^^cC ^ ix 

[0 0 0 3] i5'AJLSiSSSrtlli*-t^ffl^*7)rt 

[0 0 0 4] •^(Drt^H5^v^^'->'^'^-*^i"^®^?^®ff*w 
[0 0 0 5] x-i5^«kaiS«;^^#^t^«t-fc^ 



[0 0 0 6] 0(^K;^i: LT. r"— 

ED 9 5-3 8. 1 9 9 5-0 6. pp. 9-1 

5) #P8,o 

[0 0 0 7] *fc. :SacT'li. V^;E>V>5<7:»*lJM1±4r#It 

y <7)5S^t bXflE P ROM^E E PROM-^F L 

[H]^-^S#i2i^> l^;Zfa:lL:^r^t>DRAMtCia<5v>/c^ 
®^ttc7)7« -^ey i: LT. 5S^ffif$:;^^y (FRAM) 

DRAMtP^Or^J'-ir^^H^FBl^WU. s 

t^t"^o FR AMtT^PrffflCloV^rJ^Jg^ftll 

^mf*?*il^ y J (i^-rrc>^>^^;^--7A%t:. pp. 

2-2 6 0) Sr#R5,cocto 

[0 0 0 8] -y'^ ^ n^nir :yi^^c7:>V^5V^5c^^— 

— v-oftfi. -^-fiJ' 0:7^0 CO ii^jS^t;. iS^Sfbl- 
[0 0 0 9] :i(7:)m^^:b-^lH]5gc7:)S$:Pt1^tH^r^i*{-^T 

9ftia(0#fe<^ bT. a^iZ^^ge-T";^ h[Hl5gB I ST 
(Built-in Self-Test) t^^^^^t 
ho B I ST<tf*7'nir ';/-9-|;irtiS^nfclocO^>?^ 
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^ u':/u-t-/-^±<DmM<D^».^n'SEir^o :z,<DB i s 

T(7?t¥^a(::oV^Tfl Ta Tutorial on B 
uilt-InSelf-Test Part 1: 
Principlesj (IEEE DESIGN & 

TEST OF COMPUTERS, MARC 
H, 1 9 9 3. pp. 7 3- 8 2) Ta Tuto 

rial on Built— InSelf— Test 

Part 2:ApplicationsJ (lEE 
EDESIGN & TEST OF COMPUTE 
RS, JUNE, 1 9 9 3, pp. 6 9- 7 7) 
<DZ.to 

[0 0 10] :i(Di^m^i^m'r^t\^xh. ^Wi<r>'r>^ 

h/Ni?->^B I STlHli?S;!)-b^^^*f*^i^^-^Wcet 

/j^e?B I STiHisS(cip]i|xi-^i^^^/jSfo^o 

[0011] 

[0012] :*:^0J<^ g 6tJf^ . #1SIB#<7:>f^'»m;^ * ^ 
[0 0 13] *^P^CDJ: ^9fl:f$:6^?i^@^fi. i:bfe6^ffi¥ 

[0 0 1 4] :*:^§^(7){tll(7:>g6t)iis ^^^A^^ST^^h 
[0015] 

[lS]S^fil*-r5/:ii»!?c^^l^l ±fGg6^^ii^t'^^ca6 

iii^(Hi«iHi5& t . ±i5iiisiHiaiHisst;i ^ 19 ±fsia^c>i^ 



W«i&-r -5 ® Mmffi * ^ ^9 X. 5 CO ^9 m 

[0016] *^P^C0M* LV^fillf Tiis -hteii 

[0 0 17] 2!>:?gPJ<DM^Lu^^&^D^«-r'^:i. ± 

[0 0 18] 

imm<Dmm<Dj^m] sir. :^^m{cm^^v'-^^mm 

[0 0 19] <^m(Dmt&(Dmm> 
(1) mm<Dmm 

CPU=2ril4,^. yiy^L I 2 2 t. RAM12 
7 :^m^-fhnX\^^^o RAM12 7(i, Z.<D'^^i^^y 
D ir :y f-l 0 1 cD^f£tiO-^ i LT^s&ffl-t"^ R AMT* 
CPU=ir 1 1 4;iiSfi£ffl-r5T'-i?S:f*i*-rSe 

1 0 l/jS*gtt^tLTV^5^:y:/<^iiSiJ{;ilSltbnTV>6 

RAM (la^-^-r) {cj:*9*m^n^c =^-^5/';x:=li 2 

2(:i. RAMI 2 7 <i: r(D|ll:^LTV^?^<^V^:^g[5(?:)RAM 

[00 2 0] CPU='T114fi. ^ n =3>t' 

mM(Dmmxi^s -^><^n#^^ISttLfcROMI^. r. 

[0021] ftiJt^PiHissi 0 3 -^-r ^ uT^oir-z-y-i 

1 ■^-Y^DT'n-fe^/lM 0 1:^5 
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1 1 2^in^x^mmi^^'ev i i oiciSiEi^-ii-^c :i 

y 1 1 0. ly^l 1 2. B I STlilSSl 3 2fj: 

#x[HjgSi 4 6 tdSr^^iir. !*gimf*^^y 1 1 0{;iil 
^122. RAMI 2 7{C/'?>^>^-f' 5/^1 1 2^:/rLr 
[0 0 2 2] 5S^af$^^y 1 1 0{t. n>^u-1r 
oT^*j^f '5/:iie)(:il^(te^n> z-^^^^^-f 2/^1 1 2 

1 4 oop^^t;)^— ^Isil^icHseffl^ix^o r^T% 3* 

[0023] :^n:y^ iti^SclElSg 1 0 4 ©WHlgS 1 0 

t^c7:>7^;^ n y >:7TCLKSrm::^b. ^iK^PlHlSg 1 0 3 

LTV^:5. -^-r ^ n >^n-t-/lM 0 1 [^(Di|#^<Df^^^ 
v?rL— yl^, r.r-e(:iC PU^iT 1 1 4. ^'t:yi/^12 
2. :^/c(iRAMl 2 7{^. ^cDt":^ hi^^ C2 :y i^^^ilJR 

[0 0 2 4] ^uyi^^fSi\B]^l 0 4\^. ^^^n^fyp. 

nir-ziM 0 1 rtO. mn^^l 0 3\>J.9\^(Dp^W^\y^ 

-yU, CPU=iril4, :3f.^ i 2 

2. RAMI 2 7. 3S^®<*7«^y 10 9. y 
f^ll2. B I S T[eI5S1 3 2^COii^i:7 u o/>:7 c LK 
(Dm'i&^m^m^'^ 0 3(D%m<OTX^±'t^o wOfc 
2s6{C, CPU=iT114. :¥-^.yV^122. RAMI 



2 7^(D. f|iiJtailH]j?S 1 0 3\;X9V<D}hU'^i^=^—Mzmn 
^xn y^ CLK^^ ^ yi^^fiim^l 0 4fj-him^'r^ 
mi 0 lit. Mm\B]^l 0 SiZW^i^u y^7CLK^^ 
uy^ ^f&m^ 10 4 /j^ibm^&i-^ft-^fl® 1 5 1 <!: f^E 

g«JUTi2:tt<bnrv>^o 

[0 0 2 5] #x.(H]ss 1 4 6 izn. li^^iif^ffl 
co®Mi 4 7 4 s (:iixt:i}Si-i!imf4 

ssi 4 6t^. -^-Tij^ a =3 1 0 itmm^m^:: 

^iofc^ _bfBC PU^r 114. ^-^yi^^l 2 

2. RAMI 2 7^c7):^i£ffiiKS^^c^§. S«»Ie1SS 1 0 

3 t ^ n yi:^±0.\Bl^ 1 0 4Ji^:J'fOf^a5^v^:n.— ^^-^(T) 
mi!lfft?^*^J^»lHlSSl 0 3(7)$IJiaJC0TT*ifihi-So r<7) 
fca^. CPUr^'Tl 1 4. ^-^r^i^^ 12 2. RAMI 

2 7. ^M^mi^T^-^y 10 9. z>;^;:^-r -/^i i 2. b 

I STlelSSl 3 2m(D, $lJ?W[HlSSl 0 3 t^x:^y^^fi& 

m^l 0 4SXf^(Dj;^^'^iy^'-Mz9MMiiL^m^'r^ 
^14 9 mm\m^ \03t^x^y^ ±f^^^ 10 4 

{zmMMitL^Wi^'T^w^i 4 7 t\-±m3\i.xm^i hthx 

V>So mmm^l 0 3ti^^y^±Jim^l 0 4 

ii^ibftfflcomrM^^ii^i 4 7 LT^0t^?«&^ 

&-b(:iJ:'9. ^ o ^T^uir :y 1M 0 1 75q#M#c 

tejcfc^Pei. sy^siiHissi 0 zt^^y^^f^mm 0 4 
[0 0 2 6] -mzy'—^^mmm^mfi^.'r^^^'e^y 

^>?^— y^<i:(iROM^R AM/^t'fD^^y 

{^r^-r^M^^gc^O^mt^ct ^9^t^^o mir-fi. CP 
U=iT 1 1 4lt^>'yA^i/:^— /UT'foi9. ^•V:yv'^ 
112 t R AM 12 7 i^-^i^ cz^v^zz.— yl-T*fe^o 
[0 0 2 7] **iSO?!?ffl|T'«i. CPU^r 1 1 4(DX 

[0 0 2 8] B I STlHlSSl 3 2 l;i r (7) ^ a cz 
:y-y-<Dx;^ hSr>'^";^:^'Y :y5=-l l 2 t^^mMi^;^^]) 1 

4 OSr^fflLTfT^J: 5t-^«co-rv>;5o -toBS. 5^^® 
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r^XX/^tihKnir^CPV^^T i i 4fj^h<7^UWc<o 
[0 0 2 91 (2) l^U'r — i^f^^M 

(2 A) '^mmi'^(Dmm 

^ t:i':/a'^^y^ 10 1 (Z)^^tlt^fig--(D3l^i:ii^tt 
^.--(^il^li. |l]7^:L^«^V^f^ilCoy^ir yi^/j^f^^l 0 2 
^^LTS^J^SllHIKl 0 3(C^x.^tLSff±ft-§-STP*3 
JlU^SSlbft-^STARTdJ: »9fifflb$tl.5e ^hiZ., B 
I S TlH]?g 1 3 2fj-hBl 0 8 ^^LTt^x?. |>P?fl*&M* 

TEST 4> ::(;o*JtSi|E]iJS i o 3 {c-^pl hii^o 

[0 0 3 0] [il4Sr#RB.-rS(C. SiJtSJlHlJS 1 0 3 T'fi. 
etblHlSS 4 0 1 ^fihft-§-STP. ^K^t^STAR 
T. v^;:^ b§l*&S*TE ST^SitL. ^rc'etKDm^' 
(D^m^^T— h'^^^— ^"4 0 5 {zt^A 0 3 ^:/^LTii 
*p-fSo r<7)>^7^— h-^"^— V4 0 5 f*. rcCtS^t^tl 

0 3l^^^v^;5v^6^7)IHISS^■^n^'i^6olHlK^;lJ^:^CT;^i^ 

^ >'^^T^1|4 0 8 «r:^M.Te®)-r6o 
[0 0 3 1] ®lblHlj?S4 0 1 (i. -hlS^eib 

m-^START^glt-r^i:. J[y.T(5^ <t 5 . il® 

[0 0 3 2] ®ffi)lH]gS 4 0 1 ^4 0 2 U 

n -/^^i9#;t*J^^P[i]i2S4 0 4ic. 7" ;^ h ^ ^ 
<5^it;7g^5f^^m;bi-5o ^ n -/>:7^«9#;tSyffll[iI8S4 0 

^[USgl 0 4lcW*&-rSo ^D5/<^^^lHlS&l 0 4*i:. 

^TCLK$r?^l 0 6^:^^bTS^J^iPlHISSl 0 3tC^;t6 
tth{:^. 3fi^m($:^-=ey 1 1 0. ^>;^^-r5/^i 1 
2. B I STlHlSSl 3 2^0. ii^ibf^mK<^»)itP#t- 
{5&ffl-r^i^g|5-=ev^^-/K:it^l 0 6 ^:n^L-C-^x.6o 

[0 0 3 3] ^ et&le]5g4 0 1 h-^-> 

V4 0 5{::ifiiilift^^or^^&^i^4 0 3^fflLr}t.i^"t- 

tc;i;^L-C. ^Jj^ESSi 0 3l^(7)l^^v^;5(7>[HIle&Sr»J^9 
i-5o ^t'x ^i^^->'i-ti:^Ii]K4 0 7(cifi]iKibf^(7)fh 

[0 0 3 4] ^v?^-/Wji^lH]2&4 0 7(1. CO^/i^-t^ 

f^'J-Til. CPU='T114. y\y^ 12 2. RAM 

1 2 7 ^^i«b:£i^fciIllt-t*oTl!ilJ:iltR-r^o iltR^n 



Ci. CPU=3r 1 1 4, 12 2. RAM 1 2 

7&iltRLy-cir#(::. ^n-^'niru^J' H^t-^-TSEL 

I. TSEL2. T S E L 3^nia4 0 9. 4 1 0. 4 1 
Wz^mtiir^o ^v^^->'Vm^lHiS!S4 0 7(1. -^tt-^'ix 

^ ^ — / u CO il ift ^ T -f - ^ * -t? . ^ix^ 

<Ort JH^^ — v'l-F^ rt^T^— ^ ^T^iljIIICi^'g ?i^Fp1f^^ 

[0035] v^;^h^n>>^ ift^^mSS 4 2 O (1. iSilllH] 
^Bibf^cD^^ i-6rtSf5^i^^— /^l-*i-1^^1"5liSS:cOA 
NOy— h415A. 415B. 4 1 5 C^^L. rtt 
bOANOy— htcd. ^^^n-ziJ^it^IUKl 0 4;&s^jS& 
-f^^^ >^ TC LK^±fiEir hff-^TSE 

LI. TSEL2. T S E L 3(7)— 0;5H*S^p^tt'f 1/^ 
:bo w9LT. ANDy-h415A. 415B. 41 

5CI1. ^n-etttc^j^:-r^c pu=^r 1 1 4. ^^^-y 

v^^ 1 2 2. RAMI 2 7;5^jltR$n^ "ttl-^^tl'^ 
1 3 6. 1 3 7. 1 3 8 ^^rUT. -?:(7)^i^>i-^rtg|5^ 
v^^— /Wtcx;^ a :y ^TC LK 1 . TCLK2. T 

[0 0 3 6] (2B) CPU^r 1 1 4fj^h(D'r — ^<D 

m 2 ^#Hs,-r5(-s cpu^rii4(i. iiSifji'^t^S 

T'il. m«^.^»9#;tlH]^l 4 6/j^e>^l 4 9^:fM.Tffl 

1 0 7^:^^LTW#&^tL5ii^ttl^^^!^^y^CLK^:lJ^:: 
^LT»{^i-^o cpu='rii4ii. HtiiTgcDiijiiK) 

I 0 3f)^ib^l 3 6^:^^Lr*i^&$;M^x:^ h^J^n-z^J^ 
TC LK 1 {Clt^LTl6^ti-5o 

[0037] CPU::3T114(1. ^fillf i" 511] 

[0 0 3 8] _bfEC P U =1 r 1 1 4 II. m^^Wli'^^^iZ 

II. 1 2 6:j3j:t/l 3 3 ^l!ri.X^ti^*th. y 
1 2 2. RAMI 2 7 7;)^ib0^^ttlLx — i5^D0 2 

PU=iT 1 1 4/j^ibcoa;^'r'— i^^D I 2 S/tflD I 3 t 
\^X^tl^*tl^^^yi^^ 1 2 2*fc(lRAMl 2 7 
y^l 1 SSfcfil 1 9Sr:n^LT«J&^tt5o CPU^r 

I I 4^Ati^titif'->^ ^im^-t^m^mtLm^cDm 
tR,^fo5i.>{iCPU=in 1 4;^-e^titl;^i"^^-r--:5=^^ 
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to 0 3 91 *«jS60MiiT'ii. ^m^^^n>^j^(^m^^ 

mi^^tm^ntzm^^yv^yzfyu^y^iFF) 205 
[0 0 4 0] £jiTT'{i> mmit(DtLi^{c. ^m^^^(^ 

y ]) a ^y^m-^^MXMmcoy V y-fy^ yft^h 

fSi'O. ^y V y-^y^ y-^^^^^^r^ M^iJtciaB-T^o 

(^^u<. ^mm<Dmmx-i^. cpu=3ti i 4o/<>^ 

113. 12 3(7:>t'— ^*I^:l^LV^, t^oT. 1^ 

[0 04 1 1 ^m^^^(Dyvy^y^y'>^m 

<DmT^(on(Dy V yy^y^ y'yfj^'i(k^^o:>m^{B}^(DM 
±(Dn<Dy V yy'y^ yy'^^t^m^^o rtttcct«9. ± 
m^W^(r>y^)yrfyxiy':tmt^. ^.^nxm (fi.L. 

N=LXM) m<^y^)y':^y'^y'^i^^^^^^^^'^'^'^ 

m^)]<Dmff\B\^(7:>min(DMm(Dyvyy'y^y'^ 

<D^m^'iMmn^(OAt)B. 2 0 3 (iA;^/^ ^/ :7 T 2 0 1 

^2 0 6nmtiy<yy7 2 1 li^cv'—i^^mi^ir^Xo 

[0 0 4 2] «-:7y u 2/ ^T'tcii. ^nh 

(Dy y -/:7'>'n -/://j5Mi~^^TOT Ki/>^ i t^UfJor K 
u;^ j t^-^(Dyv ^y^yuyn^cm^^x. ^coyv 
y:/yuy':f:§:FF [i. j] t^l.. ^<DyVy:fy 

C [ i . j ] i: *i-o 

[0 0 4 3] ^y V y:fy^ yzf^^. 4A;^2tti;^^* 

>^:ar-y V^5/^*«^-t-^o #FF [i. j] t;i 

J^. m^W^i'f^^y^ci.Kt^y^h^^yi^TCi.K 
1 1 1 0 7^/c«ll 3 6*^LTiJt 

[0 0441 m'^m'^mat. m cff r k l-^ i ^^-t 

fiic-r^ct^t^tiit-r^o 'r^<^^^-^. «-ff [i. j] 

A;^ 2 0 4 Srffil «9 iZ^^. #FF [i. j] coffl:/^ 2 

0 7(i. ^<^FF [i. j] \z.^m.^Mz.\^1im<r>^^^ 

-^I^SlHisSc [ i . j ] com;':?{^i2fe<7:>FF [ i . j + 



1] \z.m^i^ix^Oo ^l^. ^n(09cm<DyVyyy^y 

yFF [ i . 1] (oxtin. CP v='r i i 4(i/<;^i 

2 6 ^/cf^l 3 3/j>p3ll7j^L4^V>>^-r :y^^^L-CA;^ 
^;!X'5T-'-'i^(^ 1 b:':^ hT'fc5o ^n^Oftf^O y :y 
:7D';/::fFF [ i . M] (Dltitiit. H^b^H^^^-Y 

IEI^es$r^^Lr^<;^ 1 1 8^/c(i 1 1 9(i(tt*g$n^o ^ 

:7 y >;/ >^ n >;/ 2 0 5 t ^l^(^im^'g^^:?-ti:fife^lE]5S 2 
OSti. ^^yM 2 6 4/c(i 1 3 3^j>?>fft*&$ixfcT'-;5^ 
{w*fLrCPU=iTl 1 4;ii^^fT't"'<t^il«^— -^SrJS 

[0 0 4 5] /^:Jb\ i/^-m/j^cojilj^[HlgS(?:):7y -/r?":7D 

/^:iE]Sg^«^i-5:7 y y':fyuy':fm^^n^flMm^ 
T(0^m^^^^^^(r>U1^y V yzfyri y':rmci^ 
It. ^tih<Dmm(D^^y])y^yay':fm(D^m(07^ 
iSlH]^gffloA;':)^2 0 3. 2 0 6 y ^yT^'^'u 5/ 

^^tih(DU'^y ]) yy'y ^ yym(D—-oi^tzm&(Dm 
^]B}^<OyV y-^yu y^mi>^m2(DMm<on^\i^Mf& 

coy V y^y ^ yy'<D^m^^s -r — ^*IMJ: t^/h^VNt 
^(Dy V yyy^ y'^U(Di^M^mm(DAt)mi 

2 0 3. 2 0 6 Srftfet^^' y :y ^^^'D 5/>^?¥l-^)^i-^^ 
Il]2(7:>M^ijo^?«^?g^t-^ct MSJ:>9 

^>^-r5S^(^:7 y :y:7'>'n -/:7'^:frLT^<^:7 y y:/ 

yuy':fm\^mui.. ^ti(b(DmuLtiyVyy'yr:^y 

y^^^m(Dy }) yyyvny:fm^t^m'tn\tx\^\ 

[0 0 4 6] U±<Dmmf)^^^;^:^^^Xo{C, CPV=^r 
1 1 4\H(Dm^\B\¥^i^CPU=iTX-^n'p(7)—^Xit.W. 

cpu^^Ti I 4(Dm'f^'f'mv. nrnv^micm^^ 
it. m.mm'i^^Mmi.fzmcpu=^r i i4(o»3{tSrS 
p?ai-'5i:v^9;&&^^s^^J^s cpu^r 1 1 4coF^^ 
^^m^. nm^mi^m^'r^\&m(DCPv=iT 1 i4(d 

^i^mx^^o L/j>L. :ztih(Dm^\Bi^i:mf$.'t^y 
V yyy^ y zfnm^^xt^ t) . m.mn.EEi)^ z<dcpv 

z^r 1 1 4{cm^^^tifj:<^j^^t. znh(oy]} y':fy 

<ofz}^<o. ^'mm<ommx\^^ cpu=3r 1 1 4(c*i-i- 

^(oy y y-:fyx:iy':/\c\^:n^tifz\^U'r-^^mm 
mw^^M^comm^iat. znh(DyVyyy^y:fii^ 
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^--r 5 ^ =^ A' >- IhJSS -d: "T ^ o 
[0047] v^y^^hr^n-y^TCLKl t'^^V V yfV 

^-r^i^CiSibf^-r^o irfj^i^-h. ^ff [i. j] 

hA;^2 0 3 ^^"^ii^^ #F F [ i . j] 

{FF [N. 1] . FF [N. 2 
{FF [N-1. 1] , FF [N-1 
{FF [N"2. 1] . FF [N-2 



cr)tt3;'j2 0 6ii. ^COFF [i. j] izmm^tltzmt) 
m(DFF [i+1. j] (CfJt4&$n6c l^t)y<yyT2 
1 l--{iFF [N. 1] /J^^FF [N. M] (O^tl^'ix 

] . FF [N. M] ) 

. 2] . FF [N- 1 . M] } 

. 2] . FF [N-2. M] } 



{FF [1. 1] . FF [1. 2 

(Dm{zti^t}^<yyr 2 11 ^mLrT'—^y<y^ i 2 3-- 
^y ]) y^ya yzfco^^mfy^B^tii^^^o ^J:^s «± 
{:i'M^fz[^Uy'-^(Dm^t!dLmm-^. CPU=iril 
4<Dy'y^ htb^^<^0#^-4>ffiffl^^^^o 

tiy<iyyT 20 iitzm^&ti. ^tih(Dmj^iB]^p^(D± 

tt(Dy y yy'yx2y':f:^>i^mm^tifz,y^-^7!)^^'ti'\^'t^th 
<Dy V y:fyr2yy'{c^m^ri^o ir:^j:^-h. ±fS51iil 
Kjft^tct^. c pu=ir 1 1 4rtc?^#lili?(HlSg^7:):7 ij 5/ 
:/:7n :>'>^(7)y^— ^;is)ig^/ii:;fj/^:y:7r 2 1 i{cy^^^ 
'^r^h^ti. ^hitcr—^y<:^i 2 3. ^<y^y^^ y^ 
1 1 2*:frLT§Si^«ff^^y 1 4 o^iS3g$n.6o 

)y;±(:ia!-<fcf^^T^''-i5^(^K^H:ibtib^t{i. CPU 

=rT 1 1 4(Dv'y^ hmi'f(Dmz.hmm^ti^o 
[0 0 4 9] )ik±^>h^7^7!)^^xo\z. >fF^mt&(ommx- 
cpv=^ri 1 4[h<Dmm(Dm^m^\^<Dmwc<oy 

V y::^y^ y^^^:S.{:it^m't^it^-B2 0 3. 20 6 
iocfctJ^SMlHlSSi 0 srtco, cin^t^^' y 5^:^:7 0 

4 2 0-^<J0ftiicQ|pisS(i, r.ne?<7):7 y :y:/:7n :y:7";6S{^ 

btD:7 y yyyuyy'{z.v'—^^mi(ky^^^>'^ i^t^ 
y^^'^iy^^^m'm.l^. ^<Dm^^^m\^x^tih<oy 
y y-:fyuy':f(Dp^U'f-'^^iSMW^\^X\i^^^t\z. 

[0 0 5 0] mz'ry^ hWimcmi^xmm-r ^ X 

9(::tf^LTV^^r<b{c/^^o ^<Dr J: «9 . CPU 
1 1 4(DX o^J^y^-^y^'^^^^—^^^o^^'r^'^^ 



FF [1. M] } 

[0 0 5 1] (2C) SS^m^^y 1 1 o^a^p^^v" 

CPU=iTl 1 4t^h^U'f—^:^*^. ^<y^i 2 3{::i5g^ 
m^i^^t. y<y^:^4 y'f'i i 2F^(7:)'^/i-^:/U'^-tM 

3 0 ^<y^ 12 3 ^miR-t^o ^<y^ 12 3 ±(Dp^Wf 
— ^\^ti\tii^i^y^^ 1 2 9{c1§|ift$n7tm. v'—^y^:^ 
12 8 Sril UT5S^mff > -=6 y 1 1 0 rt(Df^ffl5^<>^ 1 4 

2--^^^tt. $^(c§fi^mf$p<^y-fe/i-rw-i 4 0 

[0 0 5 2] :i(D<t tco^N^;^>r 1 1 2co®b<t(i. 

10 3T-(^> ^i^=^-J\^^'^mn4 0 7 t*^9t\Z.^il\^ti 
ir 1/^5^ hft-g-T S E L 1 . T S E L 2 ^ /cl^T S E L 3 
{^(OmX\^^ U-i^ hft-^T SELl) *^lll^:f^ 
bX. '^/i-^:::?'L-^J^iM 3 0(:idh;OL. 1 2 3. i 
2 6, 1 3 3 (7)|^(7)'^(7)irl/^ Mt-^Xfs^ ^ ix^ — :> 
COy^;;; (^CDffijXfi^-^^^ 1 2 3) ^riltR^it^o 

h-^v'^^4 0 5fi. ±IEt2ti3lE]Sg4 0 1 ;!)^ib 

(r)nm^.m--^(Dm^m^^\zm^\^x. tJj-o, iisii^^^^ 

COf^gP^v^^— /I- (^(^{rj-Cf^iC PU^T 1 1 4) t^h 

t^y^i:^:^^ 1 2 9{C^#^$tL^i5'>l' ^>^i/lC|s]«LT, 
ue;^y^^MI^Sy^ai{H]g§4 1 4 ^^4 0 8 ^^LTilifK) 
{^cD/:i2^>lceii!)-r'5c rco[H]SS4 l 4{i. 3li^ffi)f^(:o/z 
i^)t:i4e!ij^;a^<?r. -^yu^T^u^J^lM 3 Otz J: tJaltR^ 
ti/c/'<:^±corta5'r^— i^'coffiii^aAj^f^rj^^i-Sir :^ hit 
-^^TT-^ n TC LKdl^^LTi^^^igL^^ 
IS4 1 6 ^^^LTtti;^Uv^;^^5^ 1 2 9(cttj;&-r^o 
i±l;^u>^;=^^ 1 2 9 (75-^2/ h^t*{ci$;;^L-c. -^/w 
^^i^^^^i 3Qf)-hm&iWi^tsth^P^'^'f-^i:m(k 

M ^ iZb^. 12 8^^ i^xitmni^^ ^ y 1 1 0 o 
[0 0 5 3] 5S^«<*^ ^ y 1 1 0 nmt) \y'yy^ ^12 

9;6^ib<7?rtg|5/-<:=^ 1 4 2 {C^*&^n/::f^a5x-^ Srf^SiS 

1 4 1 Lrss^mi*^ ^ y -t/i-T 1 4 0 

mkm^'yhts. $ij^»iHi5s 1 0 3 i;ict 
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1 3 <i:T Kt-^^fi5clHlSS4 1 2^iS4 0 8'^r^LT»# 

^t-^^rx:^ n ^ T C L KiCfW]^ LT^t b^ifc 
i^l 0 9Sr^Lr5*^®f$^^y 1 1 Oir^J&i- 
T KU'^^i5jclH!SS4 1 2(:j:. i2^^W}if(Ofz^{:i 

t;i[f]^LTlil0:^^iL. 3 9 ^:/M.T3®^mf$^ 
y ir/VTi— 1 4 0{c-W*.&-r5o ^ 

ibn^c ?s^®f$>^!;$-WiH]5g4 1 3 .br Ku-;^^^ 

[0 0 5 4] (2D) =3r-\':yv'^ 1 2 2(7)[^?f|ST'-^cO 

mm 

>y i/oL 1 2 2 ft. :y i/^ $nTV>^1t^(D7='— 

bTCPU=iTl 1 4tciM-t-'5iSiili*)<^/^5«*Tbfc^. 

:3f ^ y v'^ 1 2 2 (DZtlh(0'T--^^^iM^'^m't>i'^^o 

irfj:t>h. SiJi»[HlS& i o 3 -ett. ±ffiCPU=»rii4 

tPl5S4 0 7 5/ v^zi. 1 2 2CO-fe b^f-^T S E L 

2 2{CMLT7^;^ h^n:y^TCLK2*UtJ;&-r 
y i/^x 1 2 2tC*)-LTx:^ h^n -/i^TCLK 

— :x4 0 5(t. n^v>^— >'l-SiW[H]5g4 0 6 ^^2ti) 

i-^o w 001284 0 6 ^r-v 1 2 2rt<7)_b|2l^ 

I 4 4^^rLT^^ :yi/^ 1 2 2(::^7fi&"t-^o $ 

I I 4(Di^^v'-i^ tmm\^\^x^mmvf:^'^v 1 1 o 

^yiy^l 2 2(Djfy^mm\^. JSfei^tftl^-rSRAMl 2 7 
[0 0 5 51 (2E) RAMI 2 7 <Dp^Uy'—l^(Dmm 



mTX^fz-'ik. RAMI 2 7(C*l-t:€)iljil8f)<^/J^ =^A'.v 
v-^ 1 2 2(7:>ii-'g'^P]1$(C^f:}^i^5o 
[0 0 5 6] [2]3^#RS.-r^{C. RAMI 2 7 (t. 7< ^ 

yir/wr 3 0 3 m(c^i-^T^-^t7)i^^## 

SrtT9fc*!><^A;'j^^:y 3 0 1 ir. TKU';^7 ';/^3 
04^. m;^>^^y^7T 3 0 6 <t SrWi-^o ORy— hS 
0 7, 3 0 8. 3 0 9 (7)#>^ ii^Shi'^B^i-^ 
i^^^iSlHSg 1 0 4t^h'i^ \ 0 7 ^^LTii^lft^^i!^n :y 

hKi^^cT^a^ibfti^iJ'^^OPtC:, W®[e]5Si 0 3/p 
tc. SiH^pmsSi 0 3/j^b. ri^-fe;^i--<#T Ki/>^ 1 4 

4/j54-^?5n^o ^»lH]Sgl 0 3;6^^(i. ^^Cl. 
ttlLS5t^S/c(iS#iA^M*;6Sa«l 3 5Sr^LT-^x.b 

[0 0 5 7 ] r K i^;^ ^ :y ^ 3 0 4 (t . SOt^PIaigS 103 
i^^^H-T^^ixy^y-:^ n :y ^ T C L K 3 {dplffl bT. 

S"J^^P^HIsgl o 3 75^^^x.6i^^;^^y-fe^^^i^/' ku^^ 

14 4 SriSl^-r ^ ^ y -fe/UT U— 3 0 3 ft. StHSJIs] 

5&1 0 3/j^f:>^ift 1 3 5 *:frL-r-^;t^n5S*;^^*#^ 
P:^M*r-fc^ <h A;^^<:y^T 3 0 1 (:iSl'9iA*;n./c: 
T^— i5^^T Kl^;^^ 2/^3 0 41)^7f^'tT Y^^^WS^^ 
#iAtfo ^9-e?i^VN^^(C(i, T KU^^y^3 0 4;Ji> 

-To 

[0 0 5 8] ^tS^"^ 5^ :7 r 3 0 6 {t. $iJ^flllHlSS 103;^* 

L^Jg^i"^i:#> 7« ^y-fe^l-'T 1/^-3 0 3;6^bS!^tl:i 

13 3 {ctij;tl-r5o At}y<yyr 3 0 
1 (i, OR<5^— h 3 0 7 (cA;'j^ix^x;^ D -/iJ^T 
CLK3(Cf^^UT. v^-^^<:^l 1 9±<Dy'-^^^ 

[0 0 5 9] t^oT. wmm'^(Dm{a^. /^v±/\-r 

1—3 0 3 {cm^.^ivtiy'—^^^^<:^ 133 \z.mi^U^ 
^^y ir/l^TU— 3 0 3(i. 1 1 

9. y^ti^<yyr 30 i^ift-i.xm'^^^n^f'-i^^T 
[0 0 6 0] ( 2 F) mMJm^(omm. ^r^^v^^v^ 

S'J^flJlHlK 1 0 3 T'ii. h-^v/— :/4 0 5Ji. ^ib 

;OS^TL/c0#^T% mM$'J^®le]gg4 2 1 ^ilM^tcoyc: 
i^twilS4 0 8 ^^br^i))i-5o mJll^WlEl5S4 2 1 
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14 6 {zmmMni(D^^^n^ l 4 5 Lt ^*:i-^o 
mffiRljO^^xlHlKi 4 61^. rco^m 4 5lcJ:^mM^ 

(C^Ll^) SrilWL. '^m. CPU=iT114.^-\':y 
ix^ 1 2 2. RAMI 2 7. 1 1 2. §41^ 

mW^'^D 110. B I STUISSl 3 l^comWAM^^ 

[0 0 6 1 ] ;^7"— h-^i/^>4 0 5 i^^m^i:^U'f 
— i^<D±X(DmMfy^^Tir^t. ^l/j[H]gg4 0 1 tdiiill 
^TSrii^PU. fifi(]|Hl!?§4 0 l{i> roffl^qSrSttS 

>:7^>;/>:7^^9#x$^J^^P[H]5S4 0 4(^5tiIfffi]itcO^T 
^il^OL. u >>>:^^i9#X.SiJ®[H]Sg4 0 4(:i. ^ 

n y ^^i;5jclElSS 1 0 4i;i-7^;^ h ^ o 5/ :^<?5^^0j^7Sr 

[0 0 6 21 (3) rt&PT^— i57<:0[Eim 

(3 A) mMmt^<Dwmtmmmi')F<Dmm 

IIl^L>ivMiil(D:/nz-fe>yi^/0^^lil 0 2 ^^UT^iJ^^PIh] 
ggl 0 3lwglib{t-^START/6^-^;^tn5i:. SKIh} 
5&4 0 1li. ii^ibtAI--<^3l^KJit (lUltSSi^) ^SKj 
i-^o r(Di:#<^ffl»lHlSSl 0 3(7)Wjmi. afiiglii)^^^ 

[0 0 6 3] si)jiE]K4 0 1 It. 5fe-r. iiiei&{^<^^i: 

|^^tcLr^ni-/^^D#x.*J{a[H]Sg4 0 4{;i. "T^^^ H 
^ u y^(D±f$.^m^\^. ^btc. SK][H]SS4 0 1 
XX- v^V4 0 5 {C^mW)i'^<Dmi^^^4 0 3 Srii 

oB^*6fg^tri^:^UT. ©WHIS&l 0 3l^cDV^-5V^>5(^ 

[00.6 4] h-^v^— >'4 0 5I:±. ±IElH]^i&{^ 

(Dmm^^^^^j^^^i^x. mwMmm^4 2 1 ^iBimmf 
lit. muW}i'f<Dtii^{cmW}^ti^t. mwM^^^^ 

^14 6 P WR S:^ 1 4 5 L 

xs^-r^o MU^^^^^^'^ 4 e\t. z(Dmi4 5 
J; 5 mm^mm^ p wr t^tte o -cii^is-i^ffl (^mm 1 
4 T^iiiRL. cpu=ir 1 1 4, :3e^5/v/zr 1 

2 2. RAMI 2 7. 1 2> 5S^®^$^ 

^ y 1 1 0 . BIS TiHiss 131 --<Dmas**&Srsr?s-r 

[006 5] ^v^^->'l-fi^lH]SS4 0 7(Clpia 

^^4 0 7 (Dmmt. mMm'^(o^^tmcxh^ . 

D y^m'^^\Bli^4 2 0{CJ; 19 v';^ t>i:7n>;/^TCL 



[0 0 6 6] (3B) ^amnw^'^v 1 1 o/j^e^oiiai 

T?.^-— h-^v— >'4 0 5 1^. ^gyj[ElJ^4 0 1 /j^bcOiilE 

SS4 1 3 i:T KU';^^i*iH]SS4 1 2^U4 0 Sir^M.T 

SS4 1 3(i. |^;^ffiLiij<'^<7)fc*^)ICfitt^;fx5 i:. 1^^ 

^1 0 9^^LT5®^«{$;^^y 1 1 0 (c^^ 
T Ku;^^^[H]SS4 1 2\t. m^\h\^m'^(r>f:L^ 

t[^is<. ?fisifl;^>?«^y-i^>'^TU'— 1 4 oi^cDStraiL 

LTHl^^itL. ;t^i 3 9^:;^bT5^mm^*;^■=eU^ry^ 
Tl^-l 4 Ol::«ji^-r5o r^bx. 5fe^m{$>^y-fe 

—-^ (Oi^mmtw\\Lm^x\wkU^\!^^th. ]^u^<:^ i 

41. 142. 1 1 7 ^^n-br^^;^;^^ :y^l 1 2F^tO 

[0067] (3B)CPU=3ril4.=3{^ir:yV^l 
2 2. RAMI 2 7---(7:>iiigx--^57CD##iA^ 

^mm'^^^<oy<p^y^-< ^y^i 1 2(7)fti^ii. Mi^iHi^i 

lUSgl 0 3-C(i. XT'— h^i^>4 0 5 It. ±f£^i&lll 
Sg4 0 1 fj>h(D\B\m.Wii'f(orM-bm^{^ft^^i^X. ;i-o, 

?M®imf*:7<^y 1 1 o^^h(Dm^j](Di&my'-^:^^^Atfi- 

v^X^ 1 1 5(cW*&$n5^^ ^>'^(^I^S«LT. l-v? 

X Mffw^pssg 4 14 4 0 8 brmmiif'^^T) 

fc^tC^Bbf 6o ^000^4 1 4{^. ^-^X 1 1 7_h<7)ii 

5/i?'TCLKtC|^^bTj^l9ML^^b. j»4 1 6^^ 

LXXtli^i^:^^ 1 1 Si^fit^t-r^o Atl^-:^^^ 1 1 

1M 1 6{;iW«&"r^o ^v^^-/Ht^lE]S§4 0 7f^. t# 
^»]f^c7:)0#^|i3^i(::. ^^i i i^^Lxmtiir^^i-^ 

hit-^T SELL TSEL2 ^tUtT S E L 3 
-r^TJ^S, ^tL-^*n(7)«-g-fi-=5'>'U^>^l^^-9'l 1 6IC-^X. 

bH^o •^/l^^^t^iJ'iM 1 6(:i. CPU=iT 1 1 4. 
:3e^yV^12 2. R AM 1 2 7 {C^^$n/c/<X 1 1 

3, 118. 1 1 9^^1 1 l^^b^*^^t$^^TV^5irU 

LT. CPU^T 1 1 4c^l^§iSx — i^^^^^mm^n^o 
oT. CPU=3T1 14<7)««t;i. aiiiltt«l(cS^i- 5 
ii:NtJ(75iKfil<^?i'9. CPU=3T114f^. ^(D^mfJ^h 

[0 0 6 8] -tc^t^s yiy^l 2 2^^biSLm^tlti 
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ilf^iA^n^o mmi^. RAMI 2 7/j>bil50f$^Xi^C(^T 

TU— 3 0 3 (113) lc^#iX*n^o ^-^-;/v^^l2 
2. RAMI 2 7--c^l^a5x-^0(H]tg(^^/corii. 
3iiJi»lEl?S 1 0 3 "Cl*> h-r>>>'4 0 5 75^ -r^^^n 

^v^^->'i-SiJtai|HlSS4 0 6 ^lHl'^o/ci6{::Sifj-r5. ^ 
(D11]S^4 0 6 1^. lH]fficO/ci^l^^ift$;n.^<b. n*13 5 
?r^LT»#iZi^^*:^^-Vy 1 2 2. RAMI 2 
7 ^Wifg-r S .^^T'ilSf Bi[)<^(OB§ t^fj:^. 

[0 0 6 9] (3c) mn ^ ^ y <^ (^^^^^f^ 

eible]8S4 0 1 r Oii*PSrS:ftS t > t5^a:y^ 
•9]^#x.Syt^PlH]5g4 0 4tr[H]mW)^^<^^T^^*b. ^ 

(C. J^gl 0 7 ^^UTC PUr^r 114. :3f-^ iyi>rr 1 
2 2. RAMI 2 C3 -/-^^^fft^gL^^J^^o 

[0 0 7 0] (4) x:^ hl!)f'^ 
ScPt1^ffi{^B I STIh]S§1 3 2 ^ffiV^r^T3o [1]5^# 
BS-f ^{C, -fe>'U:77^;^ hgt()[H]5§5 1 6 ft. El:^L?iV^ 

Ki 0 3{^*p^-^^c *Jt»lHi5Si 0 s-eii. jaK)[EisS4 

#^[HlSS4 0 4(c:i5^ n -/>7fi0^i9#;t*r*g^'t"So 

y ^i^«9#^lHl5g4 0 4{^. ^fe(:iit!-<fc:lHliIib{ti7:)®'& 

4t;iffi^i-'5o r 5 b'riEl«i6<^(75:^-g'i:P1«l{:ibf . 
CPU=3T114. 1 2 2 . RAM127-^ 

:b'9l;:. "ry^ V ^ ^ y ^ T ci.Y.tm'i^m^ r 0 3 4^ J: 
t/54i®im^f:;^^y 110. ^<::^:^^ y^i i 2(;i'8t?:&$ 

[0 0 7 1 ] Sij^aiiHiss 103 x^a. mw)\B}m 4 o i 

h-^i/— >^4 0 5fl. B I S T ^iKfllnlSS 4 1 9 

7";^ ht!j<^(^M*&*}t^i"^o r(7?iEi»S4 1 9{ii^i 5 

0 ^^l.X-^/i-y'r:^ hJ^x— h-^V>^5 1 4 j::MLT 

-v'^V^S 1 4(i. $lJWt^5 10. 504. 505. 5 
11. 5 I S^m\^^Xy<^->'m±^5 0 9. P^^y<:^ 

BE^e^s 1 3. ^$c^<;^tti;^*Ji4PlEiSS5 i 9 0SiJil?^^T 
9o ^-r. S)JWf-§-5 1 OS^ffl^>T^^^5^-^^^^S5 0 

m-^ir*5 0 8 ^jiLTrta5/<;^m:^©j^siiH]ss5 0 3{cjis 



0 1 \zMdiV^f}'t^. ^(D'ry^ h/>^ — 

[0 0 7 2] 1^ 1 1 0^<o::(D'r:^ hy<^ 

t^ti^o mm\s]^l 0 3Xlt. h-^v^->'4 0 5 

II. §£^®f$^^]; W»lHisS4 1 3<i:r KU';^^;5fe(H]j§ 

<i:l^1^(c. SS^m^^y 1 1 0{c^bT»#iA;^s^ 

<Sfc<M&-rSo ^9LT. B I STiaSgl 3 2l^Of^g|S^^ 
>^m;^^^J^^PIH]S&5 0 St^himik^^^iiti'r:^ hy<^- 

:y(Dm^j:^u^;^^K ^mmw^^^v 1 1 o\^(D^mn» 

^ y ir /ur 14 0 (CHlit^* 1 3A*tt5o 
[0 0 7 3] $IJ1^PtBlgS 103 T-ll. >^7^- V- V4 
0 5fi. ±^m^<Dy':^hy<^ — >'(D^^\^MVX±m 
5£^®f*:7«^y 1 1 0--^(7:»»^^^^IS'9 3gi-o ^tib 

ft: ;^ ^ y M^^PlHlK 4 1 3 tr h^l^^±J&^^4 1 2 

<h. iiim»jj^(^):^'^<tpi^(c:. ?SKmf$>^y 1 lotc 

^ y -Ir/VT 14 0 t::#i^3A:^tu/'c~o(^x>^ h^^i^^ 

[0 0 7 4] $iJ^^PlE]SSl 0 3Xlt. y^'r- h'^iy-V4 
0 5(1. 0(7)7":^ — ;x(7:>5fegg(^IHS5>T'— 

(^K^iiJUicI^fflLT. /wJt5£lHlliS4 0 7 u 

i^>^^je»Jt»iHiss4 1 4*. i°]mifj<'^<^#^<^i^it 
SS4 1 4H. 5S^mf*;^^y 1 1 ofj^hu^m^ntzu 
^i-^o ^mmmmxi-^. y^^^>^m^i\Hm\^x\^^ 

5CPU=iri 1 4(^^^7';^ h>ct^[H]Sg<!: LTffi^i- 
5<ir. "=ev^^— /wJb^[h]5S4 0 7(1. t":^ hibi'NcT^fca^ 
{ci&W}^n^t. r(7)CPU=3Tl 1 4^iHRL. iru 
^ h>ft#T S E L 1 ^-^/i-^:/l/^iM 1 6 t C PU=i 
T 1 1 4 (cffi;^;i-5o 1Sicco7^>^ b»^^>?^- 
netted. -ttl^^T^^v^^-zW^iillftil^i-S^i^ 

[0 0 7 5] ^5 LT. eS^mft^^y 1 1 O;^^?.!^^ 
m^ntcr':^ hy<^->'y'-^(Dmfj:^U^;^r>C PU=^ 
Ti 1 4(cJii&iM^$ix. ^bC:. h^no^^TC 
LKli^>CPV=^T 1 1 4«C»)f^$tL5o CPU3T1 
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1 4lt^<Dy^:^ h^<ji^->'v'—^>^<D^fj:^n'!^^m^.:^ 
^-r^o T'lcas^fcJ: 9(c. CPU^ril 

[0 0 7 6] ^(D'lk. Um^^ 103 ±IS-7"7. Vy" 
- ^ {^^-r ^ ±.^m,Wo:>^^^^^^^<D\:L^^y'- ^ COS 

*f$e^lC(^. |l]2(7)^7y ty7^7n:y>^FF [i. j] 

cDii^ij!)^t0#C7)>5^ C7 :y :^ C L K(DA;^^^ 10 7 y 
h{t-^^A;^b. -C7)7 y :y7^7n :y:7^0ii^i<j^^P#<^ 
v'-^At}ti^^2 0 4 ^:;rLTS«5t^nfcm-g^ii:fi^|H] 
KC[i. j - 1] <om;b4rr(7)7y >;/7'7n s/7'{::{* 

mit(0 fz at> la 2 T' (:i^^lB& ^ ixT V ^ ^ Z(Dm\z'r:^ 

[0 0 7 7] ^Of^^ibtC, $iKfl)[H]5§l 0 3(i. Si«9iA 
^I^C-r-feao ^ 0 b-C. CPU::^T114f^. ^J^Sc L 
[0 0 7 8] -t^J:t>^. ^|^0^UTV^^X7. ht!]#(7)m 

[0 0 7 9] ^r. M^lHlSSi 0 3Xn. h-^v- 
§Sfimf$^;?«^y-feyuTi^— 1 4 OtcfSi^^tt^xT. h/'? 



[0 0 8 0] fTi'MflJlH]^ 1 0 3T'I^. T^x-h-^v-— V4 

yiry'ur 1 4 oic##iZiSnfcfg{c, Ji^±o8ift 

^^S:5StSmf$:p<^y 1 1 0(ci*}^$n3t1tiSc<7?x7^ 
i$^-:/{c*fLTif*«9iS-ro -^(T^m^T^;^ h^-"^-:/l-*f 
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